Implantable cardioverter-defibrillators (ICDs) have been shown to improve survival, although a considerable number of patients never receive therapy. Implantable cardioverter-defibrillators are routinely implanted regardless of sex. There is continuing controversy whether major outcomes differ between men and women.
Introduction
Implantable cardioverter-defibrillators (ICDs) have been shown to improve survival 1 -4 and current guidelines recommend their use for primary and secondary preventions of sudden cardiac death (SCD). A large number of patients never receive appropriate therapy from their device, thus on an individual basis have not derived benefit. 5 This may be explained by a lower all-cause and arrhythmic mortality, lower risk of life-threatening arrhythmias 6 despite significant mortality, or with risk of death competing with risk of shock in patients with high mortality. 7 Women are an important patient subgroup on whom controversial results have been reported regarding their ICD mortality benefit. Smaller treatment benefit for women was reported in the original SCD in Heart Failure Trial publication 4 -although not a specified subgroup-with a non-significant hazard ratio (HR) vs. placebo (HR ¼ 0.96 [0.56 -1.61], when compared with HR ¼ 0.73 [0.57-0.93] for men). Subsequent analyses showed that similar sexrelated differences of primary prevention mortality benefit were seen but could not be proved statistically as a factor interacting with ICD therapy. 8 -10 Recent registry data revealed that appropriate ICD shocks were ≈30% lower in women in the first year after ICD implantation. 11 Van der Heijden et al. 12 found lower mortality for women but no difference in appropriate ICD therapy. Therefore, the exact influence of sex on ICD therapy is yet unclear.
The aim of this retrospective study was to further investigate sex differences of all-cause mortality, death without prior shock, and appropriate ICD shock in a large single-centre population with longterm follow-up while correcting for a large number of possible confounders.
Methods Patients
Consecutive patients undergoing ICD or cardiac resynchronization therapy with defibrillator (CRT-D) implantation between 1998 and 2010 at our institution for guideline recommended indications were recorded in a retrospective single-centre ICD registry.
Baseline characteristics
Baseline characteristics were retrieved from hospital records, among them, age, sex, body mass index, systolic blood pressure, ischaemic or non-ischaemic disease, primary or secondary prophylactic defibrillator indication, New York Heart Association (NYHA) functional class, echocardiographic left ventricular ejection fraction (LVEF), cardiovascular drug treatment, and co-morbidities. In addition, serum creatinine at What's new? † This study shows for the first time that women receive 50% less appropriate shocks than men over long-term follow-up in a large single-centre ICD patient population, and after adjustment for possible confounders. † At the same time, they have a similar risk of all-cause mortality after adjustment. † Annual mortality in this study was 5.9% per year among men and 4.6% among women. † Annual rate of first appropriate ICD shock was 6.3% per year among men vs. 3.6% among women. † Female sex, older age, and primary prophylactic ICD indication were independent predictors for less appropriate shocks. 
Follow-up and endpoints
All-cause mortality and first appropriate ICD shock were predefined as endpoints before initiation of the registry. To reflect competing risks of deaths and shock, the rate of death without prior appropriate shock was determined. Mortality was assessed based on information from our institution, other hospitals, general practitioners, or local authorities. Outpatient ICD follow-up was done every 3 -6 months, or when necessary. Episodes stored by the ICD were classified by the treating physician at first hand, these were re-evaluated by the investigators (J.S., M.D., and M.Z.). If sustained VT or VF had occurred, ICD treatment was considered appropriate and shocks, particularly first shocks were documented as endpoints. Appropriate ATP without shock or inappropriate ICD shocks/ATP were not considered as endpoints. The majority of patients was followed exclusively at our ICD clinic (71%). Additional information about ICD shocks was obtained from outside clinics, treating cardiologists, or patients by questionnaire or telephone. 15, 16 as recently applied in a heart failure study. 17 Forward variable selection was used to obtain the final multivariable model using a P-value of ,0.05 for inclusion of a given variable. Sex category was entered into the multivariate models regardless of P-value. To adjust for a nonproportional effect in the date of implantation, patients were stratified into three equally sized groups according to their dates of implantation, and stratified Cox regression was performed. 18 Survival rates are illustrated by Kaplan-Meier curves.
Multivariable Cox models were built using the software R (version 3.0, www.r-project.org), competing risk models were implemented using the R-package 'cmprsk'. Missing values imputation was done with the R-package 'mice' using the default setting. All other statistical analyses were performed using SPSS (version 21.0, IBM Corporation). For all tests, a P-value of ,0.05 was required for statistical significance.
Results

Patient characteristics
The data set included 1151 patients, among them 216 (19%) females. Mean age was 64 + 13 years. Implantable cardioverterdefibrillator therapy was prescribed for primary prophylaxis of SCD to 632 (55%) patients, and for secondary prophylaxis to 519 (45%) patients, respectively. Of the latter, 236 of 519 (45%) were successfully resuscitated from cardiac arrest due to VF, the remaining 283 (55%) had a history of sustained symptomatic VT. A single-chamber ICD was implanted in 375 (33%) patients, 375 (33%) received dual-chamber ICDs, and 401 (34%) a CRT-D. Other baseline characteristics stratified by sex are presented in Table 1 .
Long-term follow-up for mortality
All-cause mortality Overall follow-up was 4.9 + 2.7 years (maximum 14.0 years), 318 (27.6%) patients died corresponding to an annualized mortality rate of 5.6% in all patients, 5.9% among men, and 4.6% among women. Uncorrected all-cause mortality in women was slightly lower (uncorrected P ¼ 0.08).
Mortality without appropriate shock
Eighty-four (26.4%) of 318 deceased patients received at least one appropriate ICD shock, 234 patients (73.6%) died without prior appropriate shock. Among these, 196 men and 38 women did not experience appropriate shock before death. Uncorrected mortality without experiencing prior shock was similar between men and women (P ¼ 0.16).
Long-term follow-up for implantable cardioverter-defibrillator therapies
First appropriate shock was observed in 266 (23.1%) patients after a follow-up of 4.0 + 2.7 years (annualized rate: 5.8%). It was documented in the VF zone in 49% of patients (median cycle length, 235 ms; interquartile range, 210 -258 ms) and in 51% in the VT zone (300 ms; 279 -352 ms). Uncorrected annualized appropriate shock rate was 6.3% among men vs. 3.6% among women (P ¼ 0.002). Accordingly, there were 32 of 216 women (15%) that did receive appropriate ICD shocks during the long-term follow-up. If primary and secondary preventions of SCD were analysed separately, uncorrected annualized ICD shock rate was significantly lower in women in both groups of prevention (2.6 vs. 4.8% p.a., P ¼ 0.033, and 4.9 vs. 7.4% p.a., P ¼ 0.018, respectively).
At least one inappropriate shock was delivered in 106 (9.2%) patients, 44 of whom were also treated with appropriate shock. Inappropriate shocks were equally distributed between men and women (9.5 vs. 7.9%, P ¼ 0.45). Appropriate ATP was noticed in 247 (21.5%) patients, more frequently in men when compared with women (23.3 vs. 13.4%, P ¼ 0.001). Any appropriate ICD therapy (appropriate ATP or appropriate ICD shock) was observed in 380 (33%) patients, and again more frequently in men (35.4 vs. 22.7%, P ¼ 0.0003).
Univariate and multivariate predictors of mortality
Univariate Cox regression revealed a considerable number of predictors for mortality, as presented in Table 2 , left column. Sex was Sex differences in ICD shocks not a univariate predictor of mortality, but a statistically nonsignificant trend for better survival of women vs. men was observed, as presented in Table 2 and Figure 1 . Age, LVEF, renal impairment (eGFR), medication with diuretics, aspirin treatment, peripheral arterial disease (PAD), and chronic obstructive pulmonary disease (COPD) were selected as independent predictors for all-cause mortality in the final Cox model, as presented in Table 2 , right columns. Sex was not a predictor of mortality in the multivariable model (HR ¼ 1.15, 95% confidence interval (CI) [0.84 -1.58], P ¼ 0.536). Unadjusted annualized mortality in women vs. men amounted to 4.6 vs. 5.9% per year (see Figure 1 , HR ¼ 0.768, 95% CI [0.57-1.04], P ¼ 0.090).
Death without appropriate shock Upon univariate Cox regression, a similar number of predictors were revealed as predictors of death without prior appropriate shock, as presented in Table 3 , left column. The final Cox model identified higher age, renal impairment (eGFR), use of digitalis glycosides or diuretics, PAD, and COPD as independent predictors of death without appropriate shock, as presented in Table 3 , right columns. Sex category was neither a univariate (P ¼ 0.295) nor a multivariate (P ¼ 0.708) predictor of death without appropriate shock. The incidence of death without prior appropriate shock in women vs. men amounted to 3.7 vs. 4.3% per year (see Figure 2 , HR ¼ 0.8, 95% CI [0.6-1.2], P ¼ 0.295).
Univariate and multivariate predictors of appropriate implantable cardioverter-defibrillator shock Univariate Cox regression revealed a significant association of first appropriate shock with male sex, secondary prophylactic ICD indication, prolonged QT interval, oral anticoagulation, treatment with amiodarone, history of atrial fibrillation, and COPD ( Table 4 , left columns). Women were subject to significantly less appropriate ICD shocks (3.6 vs. 6.3% per year, P ¼ 0.002, Figure 3 ). In the final multivariate Cox model, higher age, female sex, and primary prophylactic indication were identified as independent predictors of fewer appropriate ICD shocks ( Table 4, 
Discussion
In this large single-centre ICD population with extended follow-up, we identified seven independent predictors of all-cause mortality and three independent predictors of appropriate shock. These results highlight that risk factors for mortality do not correspond to those of malignant arrhythmias.
Lower appropriate shock rate in women
As one of the leading results, our data show that female sex was associated with a ≈50% reduced risk of appropriate shocks during the long-term follow-up, but did not influence mortality. For the long-term follow-up of ICD patients, this is a novel finding. One can conclude that women may derive a smaller benefit from their device if they exhibit less malignant ventricular arrhythmias and mortality is similar after multivariate correction. This would not obviate ICD therapy in women but provides new evidence for the hypothesis that individually a higher threshold for ICD indication may be useful in women. For instance, this could pertain to the level of left ventricular dysfunction in primary prophylactic indications or the presence of additional risk factors. Increased risk for ICD associated complications may further decrease benefit from the device among women 11, 19 but was not assessed in this study. How sex differences translate into clinical arrhythmias and possibly appropriate ICD shocks is not fully studied. Arrhythmia susceptibility is influenced by hormonal differences between women and men. Among others, there are sex differences in electrophysiological properties such as repolarization, calcium handling, autonomic modulation, and ion channels. 20, 21 Furthermore, the pathologic substrate is different: gender-based differences in response to myocardial infarction, and with relevance for arrhythmogenesis, have been shown on a molecular level 22 and in patients, by mechanism of different vagal tone. 23 In addition, the distribution of ischaemic vs. non-ischaemic cardiomyopathy is not equal between women and men as also observed in our registry (51 vs. 71%).
Sex differences in SCD were reported in the Framingham Heart study 24 and for out of hospital SCD. 25 Several defibrillator trials 8 -10 provided evidence to the fact, but were underpowered to prove significance. For instance, Zareba et al. 8 found identical mortality between women and men, similar ICD benefit, and a 40% lower appropriate shock rate (P ¼ 0.039). In contrast, Russo et al. 9 found a 32% lower mortality for women vs. men (P ¼ 0.001) but no difference in the incidence of shock and ICD benefit for women. Albert et al. 10 analysed 458 patients from DEFINITE including 63 women randomized to an ICD. Featuring only primary prevention indications and non-ischaemic patients, a 54% reduction of appropriate shocks was found (P ¼ 0.10), a very similar risk reduction as in the current study, although not significant due to the patient number and duration of follow-up. In the current study, 219 women were followed for almost 5 years, which is longer than in most prior studies, increasing the power and generalizability of our findings.
Gender-focused meta-analyses from the above-mentioned older trials confirmed lower shock rates in women 26, 27 but were equivocal on ICD benefit depending on study selection. 28 The largest gender-focused ICD study so far is the Ontario registry providing results in more than 6000 patients. 11 These authors found a 31% lower rate of first appropriate shock in women (P ¼ 0.015) as well as an absent difference in overall survival which is in line with our study. The main difference is the short follow-up of only 1 year. Wijers et al. 29 and Weeke et al. 30 provided ICD registry data recently not focusing on sex differences. Wijers et al. 29 reported a 47% reduction of adjusted mortality for women (P ¼ 0.004), and a 57% reduction of adjusted appropriate shock rate (P ¼ 0.001), whereas Weeke et al. 30 reported a significant multivariate HR of 0.33 (95% CI [0.11-0.57] for appropriate shocks in women and an insignificant HR for mortality of 0.75 (95% CI [0.49 -1.14]). Our study as well as MacFadden et al. 11 and Wijers et al. 29 combined primary and secondary prophylactic indications, whereas Weeke et al. 30 analysed only primary prevention patients. Importantly, we found no difference in our main finding between primary and secondary prevention patients. Van der Hejden et al. 12 published a gender-focused analysis from the Leiden ICD registry in more than 1900 primary prevention patients including 418 women (21%). Adjusted all-cause mortality was significantly lower for women (HR ¼ 0.65, 95% CI [0.49 -0.84], P , 0.01) while the rate of appropriate shock showed an adjusted HR of 0.80 (95% CI [0.66 -1.13], P ¼ 0.19). Compared with our study, there were somewhat different baseline characteristics such as more frequent CRT-D treatment which may favour women. 31 We chose not to define ATP therapies as endpoints to reflect more malignant arrhythmias in the endpoint; however, results were very similar when adding them. Counting appropriate ICD shocks only as a surrogate Sex differences in ICD shocks of arrhythmic mortality in ICD patients may still overestimate the potential risk of arrhythmogenic mortality. 32 However, their unadjusted annualized mortality rates for men (6.8%) and women (5.3%) were in a very similar range as in our study. Therefore, the results of van der Heijden et al. 12 are not contradictory with our findings or other studies.
Predictors of mortality
Mortality risk factors identified in our population are confirmatory of the literature in ICD patients. Kramer et al. 33 validated a mortality risk score in of 2717 ICD patients. In multivariate regression, peripheral arterial disease, decreased LVEF, elevated serum creatinine, and higher age remained as independent factors. Sex category-as in our study-was not influencing survival. Bilchick et al. 34 investigated .35 000 primary prophylactic ICD recipients for mortality predictors and identified age, NYHA status, atrial fibrillation, COPD, kidney disease, LVEF, and diabetes as independent predictors. Of note, no shock data were available in the latter two studies. The confirmation of mortality factors and HRs in our study is very precise. Independent risk factors may be combined to define higher risk groups which was not the purpose of this analysis.
The rate of patients never experiencing an appropriate shock in our study was high (75% in men, 85% in women). Death without previous appropriate shock was not predicted by sex, but by higher age, decreased renal function, PAD, and COPD. These factors are also mortality factors, and coincide with increased morbidity.
Limitations
The retrospective design of data collection may confer unknown biases; however, the results for many known variables are confirming other studies proving data validity of this series. Implantable cardioverter-defibrillator programming was not uniform over a period of 12 years, and may have influenced the results; however, systematic differences in programming between male and female patients are unlikely. However, our ICD technician never changed Sex differences in ICD shocks
